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Introduction

Late 3d transition metal complexes are present in a plethora of research areas involving catalytic chemical transformations and useful physical properties.  Both applications frequently make use of paramagnetism, which requires control over the complex’s electronic structure.  The Doerrer group has developed several families of 3d metal complexes with perfluorinated alkoxide ligands.  These ligands engender a medium field ligand environment and thereby unusual spin states [1]. Recently, we have expanded our research to include Mn(III) complexes in which the {MnO4} and {MnO5} coordination environments are encountered.  Such Mn(III) coordinations have not been well-studied in the literature and therefore their detailed electronic structure characterization is important.  
Experimental 

The HFEPR spectra of powder samples were recorded on the transmission instrument of the EMR facility at temperatures 3 K – RT and frequencies 24 to 640 GHz. The maximum magnetic field reached was 14.9 T.
Results and Discussion


The quintet (S = 2) spectra of the d4 Mn(III) ions were interpreted in terms of the standard spin Hamiltonian
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[image: image3.jpg]The fourth-order spin operators did not improve the simulations, thus B40 and B44 were not fitted and assumed 0. EPR spectra of the complex with an axial THF ligand are shown in Fig.1. A minority species, slightly different from the main one, appears to be present. Thanks to extremely good spectral resolution, the spin Hamiltonian parameters of each of the two species could be determined (Table I). Theoretical calculation of the zero-field splitting parameters D and E were attempted using the free software package ORCA [2]. The CASSCF method was employed with 4 electrons on 5 d orbitals in the active space. 5 excited quintet and 20 excited triplet states were taken into account. The calculations produced D = –3.24 cm–1 and E = –0.028 cm–1, in a reasonable agreement with the experiment.

Table I. Spin Hamiltonian parameters.

	Species
	gx
	gy
	gz
	D (cm–1)
	E (cm–1)

	Major
	1.999
	1.998
	1.992
	–2.843
	–0.135

	Minor
	1.999
	2.000
	1.992
	–2.775
	–0.163


Conclusions

The spin Hamiltonian parameters were determined, including their sign, in a series of Mn(III) complexes. The HFEPR allowed distinguish the slightly different major and minor species in some of the compounds. Reasonable agreement between the experimental and theoretically calculated zero-field splitting parameters was achieved. This research could not be performed on standard X or Q-Band EPR instruments, since the D parameter in our compounds is much larger than the microwave quantum energy at the X or Q frequencies. 
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Fig.1 EPR spectra recorded at 10 K. Experimental spectra are blue, the red and green lines are simulated for the majority and minority species, respectively. The molecular structure is shown in the inset: Mn: (; C: (; F: (; O:(.
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